Objective: To explore the significance of neonatal body indices in identifying macrosomic infants, we compared the neonatal birth weight, body length, head circumference, chest circumference, neonatal body indices, Quetelet index (QI), Kaup Index (KI), head circumference to chest circumference ratio (HC/CC) and maternal fasting blood glucose (BG) for both diabetic and healthy mothers.
Introduction
A recent study suggested an increase in the prevalence of macrosomia. 1 Macrosomic infants born to diabetic mothers have a higher likelihood of perinatal complications when compared with those born to normal mothers. 2, 3 Although macrosomia is defined as birth weight X4000 g, there are no satisfactory clinical indicators that allow one to identify those infants who may have higher risk of adverse outcomes. Because of an abnormal metabolic environment, macrosomic infants born to diabetic mothers may develop asymmetrically as reflected by increased ratios of body weight (BW), length (BL), and chest circumference. Detection of such infants using fetal ultrasound indices may identify 'at risk' infants for possible referral to a tertiary center for care. Previous studies have used the Quetelet index (QI ¼ BW (kg)/BL (cm) Â 10 3 ), which is the weight divided by BL in centimeters, and the Kaup Index (KI ¼ BW (kg)/BL (cm) 2 Â 10 4 ), which is the weight divided by BL per square centimeter. QI and KI use mean relative BW, which can be used to reflect body density and evaluate individual girth, width and body organization density. The QI and KI have been used to measure adult adiposity and adolescent nutritional status. 4, 5 Although QI, KI and other indices are used to evaluate fetal growth at various gestational ages in China, its validity in macrosomic infants remains unproven. Hence, our objective was to evaluate several fetal body indices to possibly identify those infants who may be at higher risk. We retrospectively analyzed QI, KI and HC/CC (head circumference to chest circumference ratio) in macrosomic infants delivered by both healthy and diabetic mothers.
Methods
All infants were delivered at ShengJing Hospital from May 2009 to July 2010. Complete medical records were available for 177 macrosomic infants, 100 of which were born to normal mothers and 77 to mothers with gestational diabetes mellitus (GDM). BW, BL, head circumference and chest circumference were measured for all infants and recorded by nurses in the newborn nursery.
For macrosomic infants delivered by healthy mothers, their mothers' 50 g oral glucose challenge test (GCT), oral glucose tolerance test and blood glucose (BG) level were normal. In addition, their mothers had no complications during the gestational period. In the macrosomic infants delivered by diabetic mothers, their mothers had no previous history of diabetes or other complications and were diagnosed with GDM during pregnancy.
The GDM screening test was done between 24 and 28 weeks of pregnancy by administering a 50 g oral GCT. If one's GCT result was abnormal (X7.8 mmol l À1 ), further testing with a 75 g oral glucose tolerance test over 2 h was performed. A diagnosis of GDM is defined as a maternal fasting plasma glucose X5.1 mmol l À1 , 1 h result X10.0 mmol l À1 and/or 2 h result X8.5 mmol l À1 . 6 Other inclusion criteria were single gestation, full term (gestational age X37 weeks), and no pregnancy-related complications (for example, pregnancy-induced hypertension).
The following maternal variables were also recorded: mode of delivery, maternal fasting plasma glucose, 50 g GCT result, oral glucose tolerance test result and calculated QI, KI and HC/CC.
Neonatal variables recorded were: hypoglycemia, respiratory distress, the 1-min Apgar score, shoulder dystocia and other complications among infants admitted to the Neonatal Intensive Care Unit (NICU).
Shoulder dystocia is diagnosed when delivery professionals are required to use delivery techniques other than conventional traction and episiotomy to deliver the shoulders. Hypoglycemia was diagnosed if the neonatal heel stick BG level was <2.2 mmol l À1 at the time the newborn was taken to the nursery. Respiratory distress was defined as a neonate with tachypnea and cyanosis requiring supplemental oxygen or assisted ventilation. Neonates were admitted to the NICU secondary to birth trauma and/or various immediate adverse outcomes.
Data were analyzed using SPSS13.0 (SPSS, Chicago, IL, USA) software. If the measurement data could not satisfy normal distribution and comparison of the mean homogeneity of variance, we used Kruskal-Wallis and Mann-Whitney U-tests. The rest of mean measurement data comparison used one-way analysis of variance and least significant difference test. Proportions were analyzed with the w 2 test where appropriate. The analysis of the correlation between the neonatal physical indicators and maternal BG was performed using the multiple regression analysis method.
Results
The QI, KI and HC/CC in macrosomic infants delivered by healthy and diabetic mothers Table 1 summarizes the comparisons of body indices between macrosomic infants delivered by both healthy and diabetic mothers. Measurement data are demonstrated as the mean±standard deviation.
We took the neonatal physical development indices of the two groups as the baseline measurement for overall and pair-wise comparisons and came to the conclusion that for both groups, when birth weight X4000 g, there was a statistical difference in QI, KI and HC/CC between macrosomic infants delivered by healthy and diabetic mothers. Macrosomic infants delivered by diabetic women had significantly higher QI and KI than that of macrosomic infants delivered by healthy women (P<0.01, P<0.05), while lower HC/CC was seen in macrosomic infants delivered by diabetic mothers (P<0.05). The fasting BG was significantly different between the two groups (P<0.01).
The correlation between QI, KI, HC/CC and maternal fasting BG Neonatal birth weight, QI, KI and HC/CC for all 177 macrosomic infants were designated as independent variables, whereas maternal fasting BG was set as the dependent variable in our multiple regression analysis. Our study showed that the correlation coefficient of QI and HC/CC demonstrated stronger correlation than neonatal birth weight when compared with maternal fasting BG. In multiple regression equation, using introduced gradually-eliminate method, only QI and HC/CC had been introduced into regression model. Its coefficient of determination, R, is 0.299, and adjustment for the determination coefficient is 0.082. The multiple regression equation of body indices to maternal fasting BG is BG ¼ 6.959 þ 0.031QIÀ (4.482 Â HC/CC). QI and HC/CC have linear relationships with maternal fasting BG (P<0.05). Birth weight has no direct correlation with maternal fasting BG and is not introduced into regression equations. Table 2 displays maternal Cesarean section rates and neonatal outcomes in macrosomic infants delivered by healthy and diabetic mothers. When comparing these two kinds of macrosomia, significant differences were found in the incidence of hypoglycemia (50.6%), shoulder dystocia (6.5%) and admission to NICU (11.7%). No significant differences were found between the two groups in the incidence of respiratory distress and 1-min Apgar score <7. Furthermore, diabetic mothers with macrosomia had a significantly higher tendency to require delivery by Cesarean section (67.5%). As macrosomic infants delivered by gestational diabetic pregnant women are at higher risk of complications, 8 we need more information 9 in order to distinguish whether a macrosomic infant is delivered by a gestational diabetic or a healthy pregnant woman. Aside from BW, further body indices are required.
The lack of a universally accepted definition of macrosomia remains a problem. 10 In China, macrosomia is defined as birth weight X4000 g. However, some cases of macrosomia may be affected by the interactions of genetics and other factors and could develop ultimately into healthy infants with symmetrical proportions, although their birth length is greater than average and they weigh more than 4000 g. Our study attempted to provide a possible foundation for identifying macrosomic infants delivered by diabetic mothers by introducing some rarely used body indices, such as QI, KI and HC/CC, in order to better reflect neonatal physical development characteristics.
In the 1980s, 11 the neonatal physical development research collaboration group of 15 cities in China did some tentative studies and partially established a normal range and evaluation criteria for neonatal physical development indicators. 12 QI, KI and HC/CC were among them, as they are able to reflect the newborns' development in detail. However, there is still no report on how the above body indices apply in macrosomia. The aim of our study is to investigate whether there is any difference in these neonatal body indices between macrosomic infants delivered by healthy and diabetic mothers.
We concluded that in the two groups of macrosomic infants with birth weight X4000 g, QI, KI and HC/CC were of great statistical significance. In addition, macrosomic infants delivered by diabetic mothers showed a disproportionate growth pattern, with overgrowth of insulin-sensitive tissues, such as adipose and muscle, whereas the growth of insulin-insensitive organs, such as the brain and kidneys, did not increase conspicuously. 13 This character represented the tendency of subcutaneous fat deposition toward shoulders and limbs and led to an increase in birth weight to birth length ratio, a decrease in head circumference to shoulder circumference ratio and a decrease in HC/CC.
Maternal fasting BG and macrosomia
For pregnant women, fasting BG in early pregnancy acts as an important predictive factor in macrosomia. 14, 15 Higher fasting first trimester BG levels significantly increase the risk for adverse pregnancy outcomes, including macrosomia. 16 Women with impaired fasting glucose were more likely to have an large for gestational age infant than those without glucose impairment. 14 Simultaneously, the incidence of neonatal complications (such as fetal distress, malformations and Erb's palsy) was also increased. 17 Macrosomic infants delivered by mothers with GDM are primarily due to maternal hyperglycemia and fetal hyperinsulinism. Maternal hyperglycemia may cause morphological changes in the placenta in affected women. Studies revealed increasing angiogenesis and chorionic villous branching seen in the human placenta of maternal diabetic pregnancies, 18 which provided a greater surface for maternal-fetal blood exchange and facilitated the passage of glucose to the fetus, thereby explaining fetal macrosomia. After passing through the fetoplacental barrier, the mother's glucose induces the release of insulin from the fetal pancreas, leading to fetal hyperinsulinism. 19 Studies also examined the implications of multiple growth factors and their receptors in GDM and macrosomia, [18] [19] [20] which may have an influence on the transport of glucose across the placenta and lead to the eventual delivery of a macrosomic infant.
As discussed above, there is significant correlation between a higher maternal fasting BG level and the delivery of a macrosomic infants, which also leads to the increasing incidence of perinatal and other complications in these infants.
The correlation of QI and HC/CC to maternal fasting BG is significantly higher than that of neonatal birth weight to maternal fasting BG The correlation coefficients of QI and HC/CC were higher in maternal fasting BG than in neonatal birth weight, suggesting that QI and HC/ CC may better reflect fetal intrauterine energy metabolism. This leads us to conclude that for macrosomic infants whose mothers' BG level is unclear during delivery, QI, HC/CC and KI should be paid great attention. For macrosomic infants with higher QI and KI but lower HC/CC, a close eye should be kept on future development. For future studies, via a prospective calculation and statistic analysis, we will try to provide a definitive value for the above indices to evaluate macrosomic infants delivered by diabetic mothers.
The adverse prognostic incidence of macrosomic infants delivered by diabetic mothers is significantly higher than that of macrosomic infants delivered by healthy mothers Our study came to the conclusion that the incidence of hypoglycemia, NICU admission and shoulder dystocia in Significance of neonatal body indices in fetal macrosomia Y Song et al macrosomic infants delivered by diabetic mothers was significantly higher than those delivered by healthy mothers. Because of poor glycemic control, the diabetic pregnant women were subjected to hyperglycemia, which in turn led to fetal hyperinsulinemia. After delivery, excessive neonatal insulin resulted in neonatal hypoglycemia. In addition, fetal hyperinsulinemia was also associated with hyperplasia of adipose tissue in the shoulders, leading to shoulder dystocia. Birth trauma and immediate neonatal outcomes mandated a higher incidence of NICU admissions, which was consistent with several previous studies. 21, 22 Regarding the increased incidence of respiratory distress and 1-min Apgar score <7, one possible explanation could be the high cesarean section rate in these infants. Through retrospective analysis, we found that the cesarean section rate for macrosomic infants delivered by diabetic mothers is up to 67.5% (52/77). With the help of strict glycemic control and antenatal care, our hospital has seen a recent downward trend in this ratio.
As our study is retrospective, the relative information from mothers could only be collected from the case records. As BG might only reflect one aspect of maternal and fetal energy metabolism, our future research will be prospective in nature and will focus on the relationship between the above body indices, along with more indices and their effect on maternal metabolic indicators such as HbA1C.
Our research demonstrated that the two types of macrosomic infants, both with birth weight X4000 g, had no difference in BL, HC and CC; however, QI, KI and HC/CC were of great statistical significance. Meanwhile, the correlation between QI, HC/CC and maternal fasting BG was significantly higher than that between birth weight and maternal fasting BG. QI, KI and HC/CC may be better ways to distinguish asymmetrical, large babies with macrosomiarelated syndrome. Our next analysis of this group will provide the cutoff points of QI, KI and HC/CC in order to enhance the identification of macrosomic infants delivered by diabetic mothers.
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